Chemical selectivity in structure determination by the time dependent analysis of in situ XRPD data: a clear view of Xe thermal behavior inside a MFI zeolite.
X-ray diffraction methods in general provide a representation of the average structure, thus allowing only limited chemical selectivity. As recently shown [D. Chernyshov, et al., Acta Crystallogr., Sect. A: Found. Crystallogr., 2011, 67, 327], some structural information on a subset of atoms can be obtained using the modulation enhanced diffraction (MED), thus providing a new tool that is able to enhance selectivity in diffraction. MED uses a periodic stimulus supplied in situ on a crystal while diffraction data are collected continuously during one or more stimulation periods. Such large data sets can then be treated by different methods. Herein, we present and compare phase sensitive detection (PSD) and principal component analysis (PCA) for in situ X-ray powder diffraction (XRPD) data treatment. The application of PCA to MED data is described for the first time in the present paper. Simulated and experimental MED powder data were produced using an MFI zeolite as a static spectator in which Xe, acting as the active species, is adsorbed and desorbed in a periodic manner. By demodulating the simulated and experimental data, MED allowed the powder diffraction pattern of the responding scattering density to be obtained and enabled the selective extraction of crystallographic information on Xe by solving the crystal structure of the active species independently of the static zeolite framework. The "real world" experiments indicated that the PSD-MED approach has some limitations related to the degree of fulfilment of some theoretical assumptions. When applied to in situ XRPD data, PCA, despite being based on blind statistical analysis, gave results similar to those obtained by PSD (based on Fourier analysis) for simulated data. Moreover, PCA is complementary to PSD thanks to its capability of gathering information on the Xe substructure even in the presence of a non-periodic stimulus, i.e. using the most simple stimulus shape as a single temperature ramp. In particular, PC1 results are able to perfectly reproduce the corresponding 1Ω signal from a traditional PSD analysis. Moreover PCA can be applied directly to raw non periodic XRPD data, opening the possibility of using it during an "in situ" experiment. PCA can thus be envisaged as a very useful, fast and efficient tool to improve data collection and maximize data quality. To date, however, PSD remains superior for substructure solution from the analysis of 2Ω demodulated data.